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Gallium nitride laser element, has waveguide with luminous layers and 
ridge stripe patterns which are sandwiched between side surfaces of 
laminate 
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(54) GaN-BASED LASER DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN-based 
laser device with reduced noise. 

SOLUTION: In the GaN-based laser device 100 including 
a GaN-based semiconductor multilayer structure which 
includes a light emission layer 106, a ridge stripe 
structure 1 1 1 for generating a striped waveguide is built 
in the semiconductor multilayer structure, and two side 
faces 1 17 and 1 18 are formed which face each other 
with the striped waveguide shutting in the widthwise 
direction. At least part of at least one of the side faces 
1 17 and 1 18 is so processed as to suppress Fabry- 
Perot resonance in the width direction of the striped 
waveguide. 
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■C±lf^O^-VU7 7 ^X^N2A N ^H 2 lcn^.r. TM 
G. TMA. tS&tJpm K— tfi/^SlJ-Cfc^fcfXv^P 
ylzj^^y^A (Cp2Mg) £3EUJKK 
Iftltjf 107tLtO. 01/i mJl<DM g K-^pflA 

I 0.2G a0.8NM^lSS^-tJ-^o 2fclC* TMACD#«&£ 
f?ihL. ±SP#-< KB 1 08t LtO. 1/imJ?0)Mg 
K— ^pSGa N»£j***1*-4o flfcl*T\ TMA^ffi 

^3K«T?»ALrTMGO)3lE«*BlfiL. ±»*^*K 
Jf 1 0 9<t LTH£0. 5/imCDMg K-^plA I 
0.lGa0.9NlJMt4o Ml^, T MAOttfn^ff 
±LTTMGfl)MIJHL, ±Sfl=l>*^ h»1 1 
0<tLTO. 1 /imJ?<DMg K-^piGaNSlSl$ 
■Brio ±Sfl=i>£<7 h|1 1 0(DJifc««7SL TMGi 
Cp2Mg<Dtt»*#JhLr*«;S«*Tlf. »^>Hfr 

[00 4 1] filler* f^xtf^^y^^Ox/Mi, 1S 
X h^-f ?tt»a»»*t4fefti:, its 2 jt/mCDX h 

7-f^bvXh (H^i*r) t»fltL. *urstEtt 
-f^-VX^^V^ (R I E) l:J:ot'J^vXh7^^ 

1 1 1 ^m-t&o ox/n(d±®±ic, 

^ 0 i/yxhSiiiaLr'J^yXh^^^i 1 

1 CDHa5|CfcL>T_ta5=l >^hH 10 *gti3^#. 
P d/Mo/A u<7)Hlff-eaS»Lr plffl 1 

+M 1 5?MLtniGaN3>^ hU 0 3(0- 
g|5^S**1±. ^-Lr^(DStlia5±(^T i/A I ®M¥ 

r-if Ltntai i 4jMt§o a*. [il1^r^Dl^ 

T I*. * -^flffl 1 1 7li'j7VXh7-f^1 1 U ¥*T 
<DT\Z$m?Z>*XtL* »*L<(*T»3>*^ Kg 
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1 0 3\zmmrz>i£x*t?z> o 

[0 0 4 2] n«a^fit»(D^X/\Ii»ffl**L«\S>-rL^ 

*lZ> 0 *7X/\[*. -£(DJS<?*£6 0~ 1 6 0^m?i^fZii 
^iSlcJtxr * £ 5 iCjEttlcffl^ SI* 5 00 ^ 

[0 0 4 3] #/<-f*. X h^-r^lRjlCSpfff- 

ci:-e«.*^rc»iij-e*4o mi tE)2<Dfflr*(i. »sj 

[0 0 4 4] ^±a)^P-trX<7)^^. 11 tm2.\ztt 
£151 1 5G0<^£tfL-CI^ o GaNlb-fl^l 00 

ISO) 5^-38®^ g|2|z^-r < fcaUffi»Mfc<g^*1* 

[0 0 4 5] C0)G a NlU-ff^ 1 0 O^S^^ 
^h^^LT, g]4(7)^^^7b<#^+l/co Hl3<b:m 
4^T, H4|rfci>ri*^T^ , J^<n— ^B— KPpIP^Ao 

ffitfeofco ^-KM?tt*a<-r*CA:lCcfco 
t?. U-^f*:^*(D$^§^cB|Lrtll5lr7F^^^rL^^J: 

[0 0 4 6] fcfc\ ★SJlBWH-eieKfcGaNSRU— if 

[0 0 4 7] 0 6IC#;£;h,6KliJf 

PJffC^Lri*. *«MA<3 7 0-4 3 0nmfl)Il 
f:ft^J:5l:ftlbOInxGal-xN ( O S x ^ 1 ) 

/*jt£K»£»5Eu #pjB<7)»f*2~6^t)as?-r*i 

tfcfcl^o #J3. SttJBl 0 6 lcd>«a>«a>*r»rt<;ftA L 

i:LTMl:Pd/Pt/Au, Pd/Au, £fc(*N 
i/AuSffll^UJ:<, nW*r«tLtlifcl:Hf 
/Al, T i /Mo. *fcl*H f / A u ^fflL^Ttct 

I*. 



[0 0 4 8] y-MBiii 1 7lZ*rf 4#»JBM 1 

8(DffiS*tt«*I*. 3Jg£L±2 5ltmTCD®fflT*S«L 

Ml 1 8 3b<B*«»t Lr»< ztirj:oT^— K« 

So Sfc, -r*iri**Ma>»»f*»c>*i* 
# % ^x/\a n «3 *?■ £#srr a mco® y L5*+*<is 
*jMM<±c4o zoMoy L^fft^tM- x*y**< 
ft*Li**?-(D»*i»*<i«/h-r*a)-c. «y L*i*'hsi* 

l$3*<#*Ll>o G a A s » L/— if*T-<0«f*-»»lC 
2 0 0-3 0 O //mUfti), G a N*U- tffft^T'i^ 

«z<D«fc5<cfflicifi-5< ctA<i*a**i*a>-e* wyu 

[0 0 4 9] >iHN®1 1 7|C»-r^)^SlJ® 1 1 

8a>«»W«#f*. 1 OSia±2 OSmTCDtGfflrtfCfe 

*ct*j:y»*L^. *j6w<D»**+#i::i6»r* 

fcttlcf*. OJSt«flrw±lcft*J:3f='*-4itfJ: 

■*tfc*jfli-efT5fcft(=r*. «*^2oaaifltJjiTr=3SP 
*«k3l="r*ifi«fci^. 

[0050] MKMrrt -9-»± 

\z&j££tiXl^Z><DX. mi\Z7r.-r&olzM>+)-%ft<D^ 
1 1 6A<*^^^±lrSaLTL^*„ *i«8«M 1 6 

l**»Wfl>*mctt«^y*«iSic< % **a>-7^>h*e 
»ic-r**a>ltt-cctit«yj»Lrt.*i^ *fc. X 

[005 1] (ftlfej»||2) H7I4B1 ICBUHLTL^* 

mmmm 2i:^4GaNS u— * st^p 200 zma. 

[0052] *mk»«r=tt«nftja[tt« *^a>»wffi 
1 1 sic. a®mtiA<fc^c<tr*fc^o xh^><^77[S] 

[0 0 5 3] Z(D&o\ZftWm 1 1 8 ICg®^tl*<#S 

Lfcy-tf-ffljffii 1 7<t^iij®i 1 8 1*. *i*-tbi(#ss 

a>5 9-»BiLTftB*r, **<7)X K9-f^*rt© 
*StSft"CiI1^LfcRMS (root— mean— square) fl"C 

5 0nmisi±f=«a-r*«fc3fcia*-r«o ctiuiToa 
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[0054] ^mmmmiz^x ^mmrm i <t 
^**&*^<d^*< nite^^2-ciiz<D>tH 

[0055] (mmmm3) ma\*. mmmm3iz^^ 

G a N^U— *f*^F3 0 0£^5eftlC|lfi?Lf-BT®[l-e 
£>6o &*>\ C(DG a N^U-fi^ 3 0 O0±IH(h 

[0056] *mmBm\~ft&tou-r>B<n&it. xh 

ntlI11 4|Ci£^m-<7)y-9-ffli]® 1 1 7<»:^SJ^lzifi 
l^m^Oy+Hil]® 1 1 9<tT*«j££;hTl^Z<t-efc 

+>Ji/\±\z\sisX hJfy^-^^ff^LT K7^X'Vf 

^fc^j^f £c 0 f^a>#SJI4. »fij®^> 

[0057] ^Hite^^iz^^^-ogo)^!*. %- 

®f^±(7)^r^S<t LTf4HJ£ff^1 (DJ§£<t:|H]f$CDft 
[0 0 5 8] ia±(7)J:5(CftSi^tlfcl|j5g^S2(DU- 
Z> 0 C<7>B#. *^9J®1 1 8I4, m~(7)>-9-ffliJ® 1 1 

[0059] (mmmrn*) H9i4. mmmmnz&z 
g aNii/-f^4 o ozm&ftizmm+ztMmx 

&>Z>o G a N^U— 9=4 O OOKt®!!^ LTI118 

[ooeo] xh7^tt 

4izi£iNm-<£>>tHi® 1 1 7 tftmmzfti\m=<D* 
-y-ffilffii 1 9<tT*tg/££*i-cfcy. m-<7>p<iHi'J® i i 

9 h < @ 9 (7) ± ® m I z fcL n T v ^Hf y ^ X a $ ti 3 - <!: T? 
&£ e Z(7>B#. m-CEM-tHM® 1 1 9 fC#^tL^«SfcCD 
$l5^ffl®CDS-^(^m-(Dy-tl-ffllJ® 1 1 7(Z»LTM^ 
*tbtltL^ 0 -T^t?*). m-O^^ffllJffil 1 7A<U 

•>vXh7^^i 1 i tWi=r\ztj;z ) £5\zfrr>m-(D* 
-^fflij®1 1 9^v^+F^®fC^^^afzUvX hH/<* 

1 5£ff2j£^tLl4cfcl^ f<Dct^j:UvXhI/^-> 

mmmm3<Dm^tmm\z. i-^x^oisftiz 

<7>#Ii]l4. #SJ®rf)<;*+HI]® 1 1 9\Z^^>tjns^o\Z 
[006 1 ] gl9C7)±®|ll(CfcL>r. m— CO^+HMl 



sh^m&z-ttfmm^ui)^ somzmrtutntv 
m-<D^^mm\zitu^mui^z\t^BM^^x^^o * 

<Dm$'\^< Lx&zmwiz&^L. izcnmsizitm 

[0 0 6 2] fcfc\ *H3ffi^ffi«tf5]ti^mS^ffl^tl 
[0 0 6 3] (HS6ft^5) Bl 0A:H1 114, 

timi tm2\zmuLxi^z>tf. mmftmsiz&ZGa 
N^U-+F*^5 o o&m-zwzmMLxi^o 
[oo6 4] *mmmm\zftm&}K-'? b<d co 

0 0 1) &0)±&$m? Zmnfe nMG a Ngj£3 0 1 

tf®.mt!*ixi^z£x&z> 0 ctiic#or. *o>mm 

14nS!Ga Nlffi3 0 1 ±|Zn®fI1 1 4 5«tS- 

1 6 0 Utmmmizm&Ltz'ik\Z x niGaNifi301 

<omm<D±mm±\zmmm^mrtiii^i\ 
[0065] *mmmm\zftm&te-'oB <n&it. 

\zt$i,\xm#Wm<D%LyjtfX h^^^fSKc^fr-e^< 

[0 0 6 6] *S61fi^ffifZl#aM& = OB(DMH4. Ga 
N$U- »f^5 0 0^#i;OX/\(Off^B#fC/^>37T 
If £ff2/£LTl^l>j£T*fc6o t^Iffl^GaNSS 

s«ffl-r*»«-eti. g a N&fiL<Dmmm<DMm* 
fia>eait^«*ir 4 «^ic(4/ < v z? t h ^ «»-r * 

C«i:^-e#4 0 CtLfZ#^T. niGaNifi3010) 
<1- 1 0 0>7^fS][cq£fT(Z«J 7V7h7-f^1 1 1 £ 

[0 0 6 7] *HJ£ff^TM4. X h^>T ^tt3*«K£*B 
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zmmmmi a>^tmm\zmit^^ 0 ate. 

{1-10 0} ®PI±i3cfetf {1120} ®f5]±[*6 0 
JS. [1-1O01 t (1120) ®li3 0l^f? 

l#-DBttizfcy % «y L4£*#< £4&K*<fe4<D 

[00 6 8] afc. *HS£J^Sg<7>cfe5aG a N3KU— 9 s 

JBtt 1 a>»* f^«<0fflttlMM^ft S ± £ % cfc 3 Ic-Tti 
[0 0 6 9] («tt»0l6) IH1 2(*H1 icsftiur^ 

[0 0 7 0] **Sfi^IBlz1#«M3S:-bB(Z)jStt. Ga 
NSb-^6 0 0CDSffii:Lt, (000 1) ®£ 
£®£-T£J12 4 5 0/imCOy > K— 3?G a NSt5 2 0 
1 tfmi*h>tlXl^&^t1?&>Z>o GaNlS2 0 1±|: 

2(4. MiwBs-cieKfcck^iz, Aprils 

[007 1 ] **Jt^8Blz1#«wa— oaa>jft(4. mi 
2|C^*tfCL^*<fc5(Z. >+h1 1 5 35<»fiK*tt. -CD 
>-*a>ffiffi1 1 7JWS14J11 0 6fcSlt3S:ffi|r»LT« 

Pli1 1 3 0M*tilff«1 <kH»|ZfroT. * 

[0 0 7 2] S-f. 7* hX#I£*lJS?LT. plil 1 
3*U 7VX h^YTM 1 1 SfilLS5BT'l/i?X h 

i»aaa*siD**ci:(=j:y. i/vxh©a*^a 
a* gflramoflMNc* ct r mffifti^m < a * * a km 

«JlritS^*Wffi^a/=t#fc**»A<«y±.A<-3fccl: 

(RI E) K^-f x^>y»£ffll\ x^^>/f 
^X + fz^m^<7>^X$;IA^i±^a<bfLr. x^> 

hn o 3^a5^^fz^tti^r4^-ex^5 i >^ 

L> SttEM 0 6 (zSit affile^ 1 1 7# 



to2 5S(D<i^ft^^-r4^5iz^tKi 1 5*»*-r 

[007 3] i^f>^|:/\-f KP7PD 

(^<b:^(SCH F3) m<D7vm2lkJi*£MX 
* 1±4 ft if L r Ji««g * > -tHBffilztt* $ 1*a*< t> x y 

^oT51«Wfz»< #6cfc3l::ffl3f *x«£*B§-r4 

zt*«Rr«tf*y. xfs»*siia-r^-i:A<T?^4 0 
[00 7 4] ate. *-y-f&&<Dtzto<Di.vT 

1^6 o otfm^ti&o 

[0 0 7 5] Stt»1 0 6lcaHaffilC»^4>^«ffi 
1 1 7<£>M#I*. 1 5JtJsl±9 0Jt**<DflJS(DttH(C 

-f 4M#JM**<fM!LT. U-+f<7> 

^E— KJRRtt**<-r**fil(=:»< pr*Ett3&<**. 

QO^JilJi-eii. >1*£^j*L4#ai^«k*<SB'bJ&> 

[007 6] (Ht&J&flB 7) H13I4H12 IzfiiBl LT 
I****. SIKl^ffi 7 [c <k 4 G a N S U-if 7 0 0$ 

[0077] 44GK»flBI=mKnadtt« 1 

7*»lfc»«6fcB«|l=III»*»or»l***l. fro* 

x^^->y*rx«fit*ft«i*-t±4aira)*a-e. uvx 

[0 0 7 8] *SUfiJ^ffiT?l4. >^«1J®1 1 7(4. -fO) 
ffilZ»LT2 0-3 OSOWKzJR^Scfcdl^jaStt 
■*M*ftffl*-frttl^fc»fztt. SttJIl 0 6l:il 
3b<1 5SliA±9 0S*»(Dffiffllci(x*4cfc5lc-r^(4J: 

[oo7 9] ^(D&oiztvmmmmztiz^tizij: 
y. *(*^m*«»3b<ftffl-&-r. ^t^u^p-^e-k 

[ o o s o ] (mmmm 8) bhi*. B12 u 

rt^4A<, SUfii^fi 8i:«|:4GaNS l/-if *^ 8 0 0 
[008 1] **JS»«Bf=»«»a— 3B0)jftl*. >^ 
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[0 0 8 2] **te»»Z««ttttHOBa>jft 

[0 0 8 3] **is»Bi^fit^r*f*tt(c#as 

[0 0 8 4] (HKS^ffig) HI 5 4.B1 2ICMHLT 
l><S;b<. 1211 5l*3ltSfl2®9lC«fc'&G a NjU- "f*^- 
9 0 0 £^5e#JI^(Ilf&LTl^o 

[0 0 8 5] **J6»IBI^»aW&— %tfe 

KmSCDmStmmi-. «®t£n§2G a NSS3 0 I ffi 
&mt!tlX^&Z£T*$>Z> 0 Lf=*<oT. nISl 1 4 
^niGa Nl(fi30 1 (Dfiffi-tlCflSfiR £ ft* - £ t» . 
SlJfi^S 5 (Di§^£ l^tST-fc^o 
[0 0 8 6] ^liil^a^-OgO)^ 

flficai 1 7*<;si4n i o 6\zmm.tem~m^xifo4 em 

£\ >"tb!><G a N^U— +Ff^(7^— KatRtt*a«>* 
[0 0 8 7] *HJfi^J|fCfcL^rS«:Wl^W&$*tri^ 

[00 88] (HJSJ^ffi 10) H 1 6(7) U— ^^TlilH 
8C0tCDfC^Lri^*<. HififlSJBl OfC^^Ga N 
S if 3R^ 1 0 0 0$«a«HC|S»LTt^4o 

[oo8 9] **jfijK!B-ei*. (oooi) m$±Mt 

■r^H^4 5 O llmCDS > K— ^G a Nift2 O 1 

[0 0 9 0] *Stlfi^tt(c1#«M<j:— y> 
K-^G a NX1R2 O 1 <7>-±ffi±(:ij8ft $1* fcjxfc* 

m&mmi~*-y-i i 5*<ig(tt>*L. nisi 1 4i::ifii^ 
m-<r>*v-mmA 1 7±<t^sm{3ifii>s-co>-»ffflij® 

1 1 9±IZJEItfflfr]flIl 2 0*<ff2/££;ftTU£C<!:-efc 
£o m-<7)^1f(|iJ® 1 1 7 £H-CO;* -tffflJS 1 1 91*. 

<fcl\, C(DJ:5^>if 1 1 5 £JE»fflI*lJKl 2 0I4KIT 

[009 1] Jf, ptfti i3n*S*»i&Bia)» 

hlSSfliLtplfil 1 3^'j7vXh7^f^l 1 
1$SBL)l5«t?L/i?Xhl$itt4o C(7)B#. U 

CO)t, R I E?0K7>fX7^>y;£ 

-CX7f>^L, y-tf 1 1 5 COffliJ® 1 17.11 9^;S 



[0 0 9 2] *CD&. l/vX h£fHJ8IU 

®i 1 7 tm—<D*-y-$m i i 9c7)^*<^i±j-r^)ci:5(^ 

±r=JE*rtMH«i 2 0HMt5« KttiMMKi 2 0<h 

LTI*. G a N I U-f fel> 3 9 O - 4 2 

0 nm<D9t<D 1 O %J^T LfrJ^W £ tt&l^<£ 5 (=. ~& 

[009 3] nS4l 1 1 4(£>ff2/£. ^X/\J?<D 

■ft. *S«0>fl£S« *5«k«*^»»*fTlV HI 61= 

[0094] smmmbi 2 oiz^&Hz&mmiz&m 

T;u5^-M<bS»(3!)«fc5<pft©ft<b*. *Sl::r*ft 
ft*. ttlbtt. /\ny>fc*»ttifa)j:3i=«^a)B8r 

mzti&vtmt. *-y-mmz=i—T<< ><?z*i%^tfr 

[0 0 9 5] J5Stffl]*JJ^1 2 0(4. 3t«3 9 0~4 2 0 
nm(D®ffl|^CO^(=>^LT^(7)3tJSC0 1 0%iaT£J5St 

ffl**-r<o-e. Ka«tttft»««#*-r*wftit 
ftaaickyftibriflo-e. swffl*jmi 2014. Ga 

N^»(*U— tf(D*aa«-C?fc*4 0 5 nm?^ 

Ll\> HI 6-CI4JSttJqi^JflI1 2 0^fiffi 

117. 11 9±^*{cM^Lrl^4<^: ; 3^ = ^i^HTt^4 

*<. L/-if3t^***4x*S14ll*+^i:L 
TB?^CMbW^7^KH 0 4, 1 0 9St^ 

[00 9 6] C(7>^ : 5(r>ifffliJ®±(=J5^tqi*J^ff^ 
MfiT?»Jt*<i4*^- KIHMi-ca>U— WB«3ft<Wft 

[0097] imm^m id hi7imi6 izmu l 

Tl^tf. ^SSff^^l 1l:J:^GaNSL/-^1 1 
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0 0S«*WI^H«LTL^So 

[oo9 8] *mMMB\~¥fQktfti£!Sitt* m-<D*-y-m 
@i 1 7 tm-<D*-*mm 1 1 9*<;5tfjf i^itftai:: 

&^tT*fo& 0 COcfc^^^-^ffliJ® 1 17.11 9H 

j£ra«-en m-o*tMRy® i 1 7 tm-<D*-*®mi 

1 9*<;^ttjtlzSltft®I^LT&jl 0Jtt^ft6cfc 

fcf&Ltzo co^ic-r+ui f&mmw*v-&m i 1 

7. 1 1 9_t|ZO#^-T <ft£(D^J5S*ffl*IJ]iil1 2 OCD 

ft -3 r ^ y *<fn] ±^r ft <t* <7>*j £ t> tt £ o 
[0 0 9 9] *^S£j^SHcfciNrmt*Wi^m&^*tr^ 

[01 00] (SffiJ&ffi 12) HI 1 8 l*m 1 6 fz«fcl L 
O 0 £«s£Mi::ia#LTl*« 0 

[0101] sMtttMBl^ttftttttAI** Xh7^^ 

A<3H=-#9J®1 1 8-C««$tLTfey. St^#9JSM 1 
8 t * -y-fiij® 1 1 7 <D5K^fcSStffl)©JK 1 ZOtmOti 

*T-»»JA<-e#*a>-t?*H*ya>fii-t/i<a8»-e#*o 

[0102] ftfc. u— 9 s — /<— *©Biy*3*^B± 

u xaiki=Mft<fc6Ji*r=r*. **»»»*Lft< 

[0 10 3] *3l«B^8Birfci\T»t*Wlz»a*ixTL^ 
fti**<z>ifta>jSi*. *«6^»i Ofl)»*tH«-eft«, 

[0104] (9gffifl£ffi 13) El 1 9 tt® 1 8 iCjgitt L 
TL>^7b<. HJfcff2!g1 3[:cl:§Ga N 2fc U — "tflfe-F- 1 3 

[0105] ***»mi-»«wft— 3aa>jSif*. #m 

1±CDn^-G a NSJS3 0 1 * *IT y . fflJtfi 

•«Sffii:ft«*^»Wffi1 1 8±|CJSS*«1*JK1 2 0rf)< 

nMG a Nlffi3 0 1 0)Sl±(:M$tltt^o nf 

»1 14(1 Xtfe»S5C!)«ft&:iq«|i=»A a r«c&3b< 

[0 10 6] ftfc\ «®t£S«££fflLT*,. »tMB 



M*«*i:ft*>-y-ffliJ®(cjR«}qiti]|Ki 2 0^3-f< 
^fiJ^frofc^lc. JfclfeJMM o<D»££lfl*l=fT*.tf 

[0 10 7] **«5fl^!Bl=*5U^r*i*»lcS&aF*l-Cl^ 

ftu^<z>f&<Dj£in H*Sff$®i o<D*i^!^*$T*fc£ 0 

[oi os] **Ma)«^(os^^fi^^asl-ot^r* 
«*,a>-ci*ft<* ^a)*wa>tt«waaic*-J<«^a> 

Xh^^V (SAS) tSif LT. ***JbK 

■ KKh-^Wt (CSP) «|fift£*(B£3 

[0 10 9] *fc. Jia<Z)SI«5^»-C?(*. GaN^U— 
1f^(7>St5<*: L"Cy > K— ?G a NIC, n iG a N 

tGaNSIfi, Xe*JHfi, S i Clffi, G a A s 
C#l60)aMR±lCGaN**»#It** 

* *-&fc«ic-ta>»«s»* Lfc G a N X¥*«0)I*0I 

[01 1 o] ^f-. *%w<»&mmm<»tt i &mu& 
-etfti^o fcfc*n (D«fc5ft*^#fflarc 

*x h^-f LTSt^#»ja8®£JSt>-r, 
[Oi 1 1] *€>lc. ±3i<D€-SIJ£^SIlcfc^r. U— 
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